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PROJECTOR USING LEDS AS LIGHT
SOURCES

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a projector, and more par-
ticularly to a projector using LEDs as light sources.

2. Description of the Related Art

FIG. 1 shows a schematic view of a conventional projector.
The projector 1 includes a white lamp 11, a condenser lens 12,
a color wheel 13, an integrator rod 14, a relay lens 15, a total
internal reflection prism 16, a digital micromirror device
(DMD) 17, and a projection lens 18.

The white lamp 11 1s employed for generating white light.
The white light 1s accommodated by the condenser lens 12,
and passes through the color wheel 13 having red, green, and
blue (RGB) color zones, so as to generate consecutive and fast
alternating RGB color fields. Next, the light passes through
the integrator rod 14 and the relay lens 15 for uniformity. The
uniform light then passes through the total internal retlection
prism 16, and 1s reflected by the total internal retlection prism
16 to the DMD 17. Finally, the light 1s reflected by the DMD
17, passes through the total internal retlection prism 16, and
enters the projection lens 18. The projection lens 18 projects
the light onto a projection plane area (not shown).

In the projector 1, the white lamp 11 may be a tungsten-
halogen lamp or a high-intensity discharge lamp (HID lamp).
The tungsten-halogen lamp 1s unable to generate a high lumi-
nance. The HID lamp includes a xenon lamp, a metal-halide
lamp, and an ultra-high-pressure (UHP) mercury lamp. The
xenon lamp 1s advantageous 1n having a tlat spectrum 1n the
visible light range, desirable color temperature (about 6000
k), short warm-up time, and perfect chromatic value, but
disadvantageous 1n having a low light-emitting efficiency,
short service life, high price, and generation of excessive heat
during operation.

The metal-halide lamp achieves a higher light-emitting
eificiency (about 65 to 75 lumens/watt) and has a perfect
chromatic value, but 1s disadvantageous 1n having a long arc,
excessively long warm-up time, short service life, generation
of various colors by the arc at different positions, and genera-
tion of a large amount of heat. The UHP mercury lamp has a
short arc, long service life, and high light-emitting efficiency,
but 1s rather expensive and unsafe 1n use due to its potential
explosion hazard.

Moreover, since the projector 1 uses the white lamp 11 as
its light source, the color wheel 13 1s adopted to control the
color, and a motor 1s required to drive the color wheel 13.
Therefore, the projector 1 has too many elements, and the
volume of the projector 1 becomes too large. Besides, two-
thirds of the light flux 1s lost when the light passes through the
color wheel 13.

Therefore, it 1s necessary to provide a projector using
LEDs as light sources to solve the above problems, minimize
volumetric size and promote light efficiency of projectors.

SUMMARY OF THE INVENTION

The present invention provides a projector, which com-
prises a red substrate, a green substrate, a blue substrate, an
X-cube, an electronic control element, a light guide element,
a light valve element, and a projection lens. The red substrate
has a plurality of red LEDs arranged 1n an array and emitting,
red light into specific directions. The green substrate has a
plurality of green LEDs arranged 1in an array and emitting,
green light into specific directions. The blue substrate has a
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plurality of blue LEDs arranged 1n an array and emitting blue
light 1nto specific directions. The X-cube has a first surface, a
second surface, a third surface, and a light emitting surface.
The red substrate, the green substrate, and the blue substrate
respectively illuminate the first surface, the second surtace,
and the third surface, and the light 1s mixed in the X-cube and
then exit from the light emitting surface. The electronic con-
trol element 1s electrically connected to the red substrate, the
green substrate, and the blue substrate for controlling the
same. The light guide element 1s used for reflecting the light
from the light emitting surface of the X-cube. The light valve
clement 1s used for retlecting the light from the light guide
clement back to the light guide element and passing through
the light guide element. The projection lens 1s used for pro-
jecting the light passing through the light guide element onto
a projection plane area.

Therefore, the projector of the present invention uses LEDs
as 1ts light sources, so that the ON/OFF switch time 1s short-
ened, the temperature may not get over high due to special
LED array designed 1n this invention, and the service life may
reach 100,000 hours. In addition, since the conventional color
wheel 1s omitted, the optical efliciency 1s enhanced, and the
whole volume 1s significantly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a conventional projector;

FIG. 2 1s a schematic view of a projector according to a
preferred embodiment of the present invention;

FIG. 3 1s a schematic cross-sectional view of an accommo-
dating hole on a red substrate according to the present inven-
tion, 1n which the accommodating hole has an elliptic cross-
section;

FIG. 4 1s a schematic cross-sectional view of an accommo-
dating hole on the red substrate according to the present
invention, in which the accommodating hole has a parabolic
cross-section;

FIG. 5 1s a schematic top view of a first type of a green
substrate according to the present invention;

FIG. 6 1s a schematic top view of a first type of the red
substrate according to the present invention;

FIG. 7 1s a schematic top view of a second type of the green
substrate according to the present invention;

FIG. 8 1s a schematic top view of a second type of the red
substrate according to the present invention; and

FIG. 9 1s a schematic perspective view of an integrator rod
according to the present mvention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 2 shows a schematic view of a projector according to
a preferred embodiment of the present invention. The projec-
tor 2 comprises a red substrate 21, a green substrate 22, a blue
substrate 23, an X-cube 24, an electronic control element 25,
an integrator rod 26, a relay lens 27, a light guide element 28,
a light valve element 29, and a projection lens 30.

The red substrate 21 has a plurality of red LEDs 211
arranged 1n an array and emitting red light into specific direc-
tions. In this embodiment, the red substrate 21 further
includes a first substrate body 212 having a first surface 2121,
a second surface 2122, and a plurality of accommodating
holes 2123. The material of the first substrate body 212 1s
metal that can dissipate the heat generated by the red LEDs
211. The accommodating holes 2123 are opened on the first
surface 2121, and used for accommodating the red LEDs 211
and retlecting the red light emitted by the red LEDs 211 so as
to emait the red light from the first surface 2121. Preferably, the
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accommodating holes 2123 have elliptic cross-sections (as
shown 1n FIG. 3) or parabolic cross-sections (as shown 1n
FIG. 4), and have a coating layer (not shown) thereon.

The green substrate 22 has a plurality of green LEDs 221
arranged 1n an array and emitting green light into specific
directions. In this embodiment, the green substrate 22 further
includes a second substrate body 222 having a first surface
2221, a second surface 2222, and a plurality of accommodat-
ing holes 2223. The material of the second substrate body 222
1s metal that can dissipate the heat generated by the green
LEDs 221. The accommodating holes 2223 are opened on the
first surface 2221, and used for accommodating the green
LEDs 221 and reflecting the green light emitted by the green
LEDs 221 so as to emit the green light from the first surface
2221. Preferably, the accommodating holes 2223 have elliptic
or parabolic cross-sections, and have a coating layer (not
shown) thereon.

The blue substrate 23 has a plurality of blue LEDs 231
arranged 1n an array and emitting blue light into specific
directions. In this embodiment, the blue substrate 23 further
includes a third substrate body 232 having a first surface
2321, a second surface 2322, and a plurality of accommodat-
ing holes 2323. The material of the third substrate body 232 1s
metal that can dissipate the heat generated by the blue LEDs
231. The accommodating holes 2323 are opened on the first
surface 2321, and used for accommodating the blue LEDs
231 and reflecting the blue light emitted by the blue LEDs 231
so as to emit the blue light from the first surface 2321. Pred-
erably, the accommodating holes 2323 have elliptic or para-
bolic cross-sections, and have a coating layer (not shown)
thereon.

FIG. 5 shows a schematic top view of a first type of the
green substrate according to the present invention. On the
green substrate 22, the green LEDs 221 are arranged 1n a
rectangle. FIG. 6 shows a schematic top view of a first type of
the red substrate according to the present mvention. On the
red substrate 21, the red LEDs 211 are arranged 1n a rectangle.
It should be noted that, on the blue substrate 23, the number
and arrangement of the blue LEDs 231 are the same as those
of the red LEDs 211 on the red substrate 21. Preferably, a
quantity ratio of the red LEDs 211, the green LEDs 221, and
the blue LEDs 231 15 1:2:1.

FIG. 7 shows a schematic top view of a second type of the
green substrate according to the present invention. On the
green substrate 22, the green LEDs 221 are arranged 1n a
plurality of concentric circles. FIG. 8 shows a schematic top
view ol a second type of the red substrate according to the
present invention. On the red substrate 21, the red LEDs 211
are arranged 1n a plurality of concentric circles. It should be
noted that, on the blue substrate 23, the number and arrange-
ment of the blue LEDs 231 are the same as those of the red
LEDs 211 on the red substrate 21. Similarly, a quantity ratio
of the red LEDs 211, the green LEDs 221, and the blue LEDs
231 1s 1:2:1.

Further referring to FI1G. 2, the X-cube 24 has a first surface
241, a second surface 242, a third surface 243, a light emitting
surface 244 and two cemented surfaces 245, 246. The red
substrate 21, the green substrate 22, and the blue substrate 23
respectively 1lluminate the first surface 241, the second sur-
face 242, and the third surface 243, and the light from the red
substrate 21, the green substrate 22, and the blue substrate 23
1s mixed 1n the X-cube 24 and then exit from the light emitting
surface 244. The X-cube 24 adopts a coating technology to
make light of different wavelengths have different refraction
and transmittance properties. In this embodiment, the X-cube
24 reflects the red light and the blue light, and allows the green
light to pass through, so that the light paths can be combined
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to fulfill the synthesis of the light sources. The two cemented
surfaces 245, 246 have a special coating (not shown) thereon,
and the thickness of the special coating varies gradually. That
1s, the thickness of the special coating 1s not even.

The electronic control element 25 (such as a Digital Signal
Processing) 1s electrically connected to the red substrate 21,
the green substrate 22, and the blue substrate 23, and used for

controlling the red LEDs 211, the green LEDs 221, and the
blue LEDs 231. The light emitted by the LEDs 1s mixed 1n the
X-cube 24 so to obtain the desired light.

Preferably, the projector 2 further comprises a {irst frame
31, asecond frame 32, and a third frame 33. The first frame 31
1s a hollow frame having two ends respectively connected to
the first surface 2121 of the first substrate body 212 of the red
substrate 21 and the first surface 241 of the X-cube 24, so that
the light emitted by the red LEDs 211 can 1lluminate the first
surtace 241 of the X-cube 24. It 1s to be noted that there are
special optical designs on the internal wall of the first frame
31. The special optical designs are mirror with micro-optics
or mirror with special designed coating on it. The second
frame 32 1s a hollow frame having two ends respectively
connected to the first surface 2221 of the second substrate
body 222 of the green substrate 22 and the second surface 242
of the X-cube 24, so that the light emitted by the green LEDs
221 can be illuminate the second surface 242 of the X-cube
24. It 1s to be noted that there are special optical designs onthe
internal wall of the second frame 32. The special optical
designs are mirror with micro-optics or mirror with special
designed coating on 1t. The third frame 33 1s a hollow frame
having two ends respectively connected to the first surface

2321 of the third substrate body 232 of the blue substrate 23
and the third surface 243 of the X-cube 24, so that the light
emitted by the blue LEDs 231 can be illuminate the third
surtace 243 of the X-cube 24. It 1s to be noted that there are
special optical designs on the internal wall of the third frame
33. The special optical designs are mirror with micro-optics
or mirror with special designed coating on 1t. The above-
mentioned special optical design of mirrors with micro-optics
or coating 1s mtended to direct light to be more telecentric
when the light exit from the light emitting surface 244 of the
X-cube 24.

Preferably, the red substrate 21, the green substrate 22, the
blue substrate 23, the X-cube 24, the first frame 31, the second
frame 32 and the third frame 33 are combined together to
form an optical element.

The integrator rod 26 1s located between the X-cube 24 and
the light guide element 28, and used for uniformizing the light
from the light emitting surface 244 of the X-cube 24. The
integrator rod 26 has a light-incident port 261, a light-emat-
ting port 262, and a microstructure (not shown). The cross-
sectional area of the light-incident port 261 1s greater than that
of the light-emitting port 262, and the microstructure 1is
located 1nside the integrator rod 26. When light enters the
integrator rod 26 through the light-incident port 261, the light
1s reflected many times by the microstructure and then emiat-
ted from the light-emitting port 262 as umiformized light. The
integrator rod 26 may be a hollow or solid structure. The
hollow structure causes reflections through a highly reflective
coating on the microstructure (mirror) disposed on each inter-
nal wall, and the solid structure causes reflections through
total internal reflection between the material and the air. In
this embodiment, the integrator rod 26 1s a hollow structure,
as shown in FI1G. 9.

Preferably, the projector 2 further comprises four first
prism sets 34 and four second prism sets 35. The first prism
sets 34 are disposed between the X-cube 24 and the light-
incident port 261 of the integrator rod 26. The first prism sets
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34 surround the light-incident port 261 so as to reflect missing
light from the X-cube 24 1nto the integrator rod 26. Each first
prism set 34 includes a first glass prism 341, a second glass
prism 342 and a cemented surface 343. The materials and
refractive indexes of the first glass prism 341 and the second
glass prism 342 are different. The first glass prism 341 and the
second glass prism 342 are combined so as to form the
cemented surface 343 therebetween. The cemented surface
343 has a special coating (not shown) thereon, and the thick-
ness of the special coating varies gradually. That 1s, the thick-
ness of the special coating 1s not even.

The second prism sets 35 are disposed between the light-
emitting port 262 of the mtegrator rod 26 and the relay lens
277. The second prism sets 35 surround the light-emitting port
262 so as to reflect missing light from the integrator rod 26
into the relay lens 27. Each second prism set 35 includes a
third glass prism 351, a fourth glass prism 352 and a cemented
surtace 353. The materials and refractive indexes of the third
glass prism 351 and the fourth glass prism 352 are different.
The third glass prism 351 and the fourth glass prism 352 are
combined so as to form the cemented surface 353 therebe-
tween. The cemented surface 353 has a special coating (not
shown) thereon, and the thickness of the special coating var-
ies gradually. That 1s, the thickness of the special coating 1s
not even.

The relay lens 27 1s located between the integrator rod 26
and the light guide element 28. As light 1s diverged after
passing through the integrator rod 26, the relay lens 27 1s
needed to make the light from the integrator rod 26 converged
to the light guide element 28. It can be understood that, the
relay lens 27 may include one or more lenses.

The light guide element 28 1s used for reflecting the light
from the light emitting surface 244 of the X-cube 24 to the
light valve element 29. In this embodiment, the light guide
clement 28 1s a total internal reflection prism having a total
internal reflection surface 281. The total internal reflection
surface 281 1s used for reflecting the light from the light
emitting surface 244 of the X-cube 24 to the light valve
clement 29.

The light valve element 29 1s used for reflecting the light
from the light guide element 28 back to the light guide ele-
ment 28 and passing through the total internal reflection sur-
face 281 of the light guide element 28. The light valve element
29 may be a DMD or a complementary metal-oxide semicon-
ductor (CMOS) image sensor. In this embodiment, the light
valve element 29 1s a DMD having a reference surface and a
plurality of microlenses. The microlenses may rotate inde-
pendently relative to the reference surface, so that the DMD
may be switched to obtain a desired pattern.

The projection lens 30 1s used for projecting the light
passing through the light guide element 28 onto a projection
plane area (or a screen) (not shown).

Referring to FI1G. 2 again, the operation of the projector 2
1s described as follows. The electronic control element 25 1s
used for controlling the LEDs on the red substrate 21, the
green substrate 22, and the blue substrate 23. The light emiat-
ted by the LEDs 1s mixed in the X-cube 24 to obtain a desired
light color and then emitted from the light emitting surface
244 of the X-cube 24. Next, the light passes through the
integrator rod 26 and the relay lens 27 for uniformization. The
uniformized light then enters the total internal reflection
prism 28, and 1s retlected by the total internal reflection prism
28 to the DMD 29. Finally, the light 1s reflected by the DMD
29, passes through the total internal reflection prism 28, and
enters the projection lens 30. The projection lens 30 projects
the light onto a projection plane area (or a screen) (not
shown).
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The advantages of the projector 2 are described as follows.
The projector 2 uses LEDs as 1ts light sources, so that the
ON/OFF switch time 1s shortened, the temperature may not
get over high due to special optical design of LED lens array
in this mvention, and the service life may reach 100,000
hours. In addition, the projector 2 uses the X-cube 24 together
with the LEDs, and the conventional color wheel 13 (as
shown 1n FIG. 1) 1s omitted, so that the optical efliciency 1s
enhanced, and the whole volume 1s significantly reduced.

While several embodiments of the present invention have
been 1llustrated and described, various modifications and
improvements can be made by those skilled in the art. The
embodiments of the present invention are therefore described
in an illustrative but not restrictive sense. It 1s intended that the
present invention should not be limited to the particular forms
as 1llustrated, and that all modifications which maintain the
spirit and scope of the present invention are within the scope
defined 1n the appended claims.

What 1s claimed 1s:

1. A projector, comprising:

a red substrate, having a plurality of red light-emitting
diodes (LEDs) arranged in an array and emitting red
light into specific directions;

a green substrate, having a plurality of green LEDs
arranged 1n an array and emitting green light into spe-
cific directions;

a blue substrate, having a plurality of blue LEDs arranged
in an array and emitting blue light into specific direc-
tions;

an X-cube, having a first surface, a second surface, a third
surface, and a light emitting surface, wherein the red
substrate, the green substrate, and the blue substrate
respectively 1lluminate the first surface, the second sur-
face, and the third surface, and the light from the red
substrate, the green substrate, and the blue substrate 1s
mixed in the X-cube and then exit from the light emitting
surface:

an electronic control element, electrically connected to the
red substrate, the green substrate, and the blue substrate
for controlling the same;

a light guide element, for reflecting the light from the light
emitting surface of the X-cube;

an integrator rod, disposed between the X-cube and the
light guide element, and used for uniformizing the light
from the light emitting surface of the X-cube;

four first prism sets, surrounding a light-incident port of the
integrator rod, wherein each first prism set includes a
first glass prism, a second glass prism and a cemented
surface, the materials and refractive indexes of the first
glass prism and the second glass prism are different, the
first glass prism and the second glass prism are com-
bined so as to form the cemented surface therebetween,
the cemented surface has a special coating thereon, and
the thickness of the special coating varies gradually;

four second prism sets, surrounding a light-emitting port of
the integrator rod, wherein each second prism set
includes a third glass prism, a fourth glass prism and a
cemented surface, the materials and refractive indexes of
the third glass prism and the fourth glass prism are
different, the third glass prism and the fourth glass prism
are combined so as to form the cemented surface ther-
cbetween, the cemented surface has a special coating,
and the thickness of the special coating varies gradually;

a light valve element, for reflecting the light from the light
guide element back to the light guide element and pass-
ing through the light guide element; and




US 8,277,049 B2

7

a projection lens, for projecting the light passing through

the light guide element onto a projection plane area.

2. The projector according to claim 1, wherein the red
substrate further comprises a first substrate body having a first
surface, a second surface, and a plurality of accommodating
holes, and the accommodating holes are opened on the first
surface and used for accommodating the red LEDs and
reflecting the red light emitted by the red LEDs.

3. The projector according to claim 2, wherein the material
of the first substrate body 1s metal, and the accommodating
holes have elliptic or parabolic cross-sections.

4. The projector according to claim 1, wherein the green
substrate further comprises a second substrate body having a
first surface, a second surface, and a plurality of accommo-
dating holes, and the accommodating holes are opened on the
first surface and used for accommodating the green LEDs and
reflecting the green light emitted by the green LEDs.

5. The projector according to claim 4, wherein the material
ol the second substrate body 1s metal, and the accommodating
holes have elliptic or parabolic cross-sections.

6. The projector according to claim 1, wherein the blue
substrate further comprises a third substrate body having a
first surface, a second surface, and a plurality of accommo-
dating holes, and the accommodating holes are opened on the
first surface and used for accommodating the blue LEDs and
reflecting the blue light emitted by the blue LEDs.

7. The projector according to claim 6, wherein the material
of the third substrate body 1s metal, and the accommodating
holes have elliptic or parabolic cross-sections.
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8. The projector according to claim 1, wherein a quantity
ratio of the red LEDs, the green LEDs, and the blue LEDs 1s

1:2:1.

9. The projector according to claim 1, further comprising a
first frame, a second frame, and a third frame, wherein the first
frame 1s connected to the red substrate and the first surface of
the X-cube, the second frame 1s connected to the green sub-
strate and the second surface of the X-cube, and the third
frame 1s connected to the blue substrate and the third surface
of the X-cube.

10. The projector according to claim 9, wherein the first
frame has minor with micro-optics or minor with special
designed coating on 1t, the second frame has mirror with
micro-optics or minor with special designed coating on 1t, and
the third frame has mirror with micro-optics or minor with
special designed coating on it.

11. The projector according to claim 1, wherein an internal
wall of the integrator rod has minor with micro-optics or
minor with special designed coating on 1it.

12. The projector according to claim 1, further comprising
a relay lens, disposed between the integrator rod and the light
guide element, and used for converging the light from the
integrator rod to the light guide element.

13. The projector according to claim 1, wherein the light
guide element 1s a total internal reflection prism.

14. The projector according to claim 1, wherein the light
valve element 1s a digital micromirror device (DMD) or a
complementary metal-oxide semiconductor (CMOS) image
SENSor.
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